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[57] ABSTRACT 

Provided is a lOBase-T MAC to PHY interface requiring 
only two wires (pins) per port, with two additional global 
wires: a clock wire (pin), and a synchronization wire (pin). 
This reduction in the number of pins associated with each 
port is achieved by time -division multiplexing wherein each 
time-division multiplexed wire combines a plurality of defi- 
nitions from the conventional seven-wire interface. As a 
result, each port has its own pair of associated time -division 
multiplexed wires (pins) and the addition of each port 
simply requires two additional wires. According to a pre- 
ferred embodiment of the present invention, information 
normally transferred on nine wires in a conventional seven- 
wire interface at 10 MHz is time-division multiplexed onto 
two wires (corresponding to two pins) that transfer data at 40 
MHz, four tiroes the speed of conventional interfaces. 
Importantly, this multiplexing is done on a port by port basis. 
Therefore, the number of pins required for a MAC to 
transceiver interface is two times the number of ports plus 
two instead of nine times the number of ports, and the 
addition of each additional port requires only two more 
wires (pins). 

24 Claims, 4 Drawing Sheets 
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REDUCED PIN-COUNT 10BASE-T MAC TO 
TRANSCEIVER INTERFACE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is related to co-pending U.S. patent 
applications Ser. Nos, 09/089,312 and 09/088,956 (Attorney 
Docket Nos.CISCP035/384 and CISCP053/546, 
respectively) filed concurrently herewith, which are incor- 
porated herein by reference for all purposes. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to network com- 
puting. More specifically, the present invention relates to 
methods and apparatuses for connecting a system chip to a 
lOBase-T transceiver, and in particular, to a reduced pin- 
count lOBase-T MAC to transceiver interface. 

In computer network systems there is typically a natural 
division between chips handling the physical layer, which is 
responsible for transmitting data on the network, and the 
system chips, which perform logical operations with data 
transmitted on the network, Ethernet hubs, routers and 
switches are composed of multiple ports, and may be 
generically referred to as multi-port Ethernet devices. Each 
port is composed of a system chip, which includes a media 
access controller ("MAC") layer, and a physical ("PHY") 
layer. Modern multi-port Ethernet devices typically integrate 
multiple MACs into one system chip (MAC chip) as well as 
multiple PHYs into another chip (PHY chip). 

FIG. 1 shows in simplified block form a multi-port 10 
Base-T Ethernet device 100 with a system chip 102 con- 
nected to a network Ethernet cable 104 through a PHY chip 
106, also referred to as a transceiver. The system chip 102 
includes four MACs 108 which are designed to interface 
with PHYs on the PHY chip 106 to connect the system chip 
102 to the network 104. The de facto industry standard for 
connecting a system chip's MACs, to a lOBase-T Ethernet 
transceiver's PHYs, is a "seven- wire interface" 110. 

In such a "seven-wire interface," each wire is dedicated to 
transmitting a particular type of data signal. In actual fact, a 
"seven-wire interface" may include more than seven wires 
connecting MAC and PHY chips. For example, in one 
common implementation, the "seven-wire interface" com- 
prises nine wires. The seven principal wires carry signals for 
the following functions: transmit clock, transmit enable, 
transmit data, receive data valid, receive data, collision, and 
receive clock. In addition, in the nine-wire implementation, 
there are wires dedicated to carrying a jabber signal, and a 
linktestpass signal. 

The transmit clock signal is provided to clock the data 
sent from the MAC to the PHY. The transmit enable signal 
is high or low depending on whether data is being sent from 
the MAC to the PHY. The transmit data signal provides the 
actual data sent from the MAC to the PHY. 

The receive clock signal is provided to clock the data sent 
from the PHY to the MAC. The receive data valid signal 
(also referred to as a receive enable signal) is high or low 
depending on whether receive data is being sent from the 
PHY to the MAC. The receive data signal provides the 
actual data sent from the PHY to the MAC. The collision 
signal is sent from the PHY to the MAC, and is high or low 
depending on whether a collision has taken place on the 
network (i.e., more than one station is transmitting at the 
same time). 

The jabber signal is intended to address the "jabber" error 
which occurs in some network systems, particularly early 
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ones, when a node on the network becomes stuck on 
transmit, with the result that no other node can get on the 
network. The purpose of the jabber signal is shut down the 
physical layer interface (PHY), effectively resetting the 
5 network, and allowing other nodes to access the network. 
The bnktestpass signal indicates that a unit is on the net- 
work; that is, a PHY's signal to a MAC that it is connected 
to the network. 
Each wire in a conventional MAC to PHY interface has 

10 associated with it a pin on each of the MAC and the PHY 
chips. Therefore, in the conventional nine-wire implemen- 
tation of a seven-wire interface, each port on multi-port 
lOBase-t Ethernet device has nine pins on each of the MAC 
and PHY chips with which it is associated. In order to reduce 

15 manufacturing costs, it would be useful to reduce the num- 
ber of pins associated with each port on a multi-port 10 
Base-T Ethernet device as much as possible. 

Other attempts to address this problem have adapted the 
conventional seven-wire interface of a multi-port 10 Base-T 

20 Ethernet device using time-division multiplexing (TDM). 
TDM involves the transmission of several signals over a 
given wire at discrete time intervals. This approach works by 
synchronizing the transmission and sampling of the signals 
on the wire. In a conventional MAC to PHY interface, 

25 signals are transmitted at a frequency of about 10 MHz. By 
increasing the frequency of transmission by for example, 
four times, four times the information may be transmitted 
over the wires of a conventional seven- wire interface at 40 
MHz than was possible at 10 MHz in the same period of 

30 time. 

This TDM approach may reduce the number of pins 202 
associated with a given port on a multi-port 10 Base-T 
Ethernet device by ganging the signals required for proper 

35 functioning of a plurality of ports onto the nine wires of a 
conventional seven-wire interface. Using the example noted 
previously of increasing the transmission frequency four 
times to 40 MHz, this TDM system may be optimized by 
ganging signals from multiples of four ports. For example, 

w the 36 signals required for four ports may be ganged onto the 
nine wires of a conventional seven-wire interface, each wire 
carrying four signals at 40 MHz in the same amount of time 
that required 36 wires in the conventional 10 MHz seven- 
wire interface. 

t5 However, while this approach may reduce the number of 
pins associated with each port on a multi-port 10 Base-T 
Ethernet device, it has the disadvantage that each wire in the 
seven-wire interface retains its previous definition; that is, 
according to this approach, a dedicated transmit data wire 

50 may now carry transmit data information for four ports, but 
will not carry any other type of information (e.g., transmit 
enable). Therefore, if the signal on any wire is lost all four 
ports are affected. Moreover, the addition of any further 
ports requires a complete additional seven -wire interface. 

55 Accordingly, improved MAC to PHY interfaces which 
allow for a reduction of the number of pins associated with 
each port on a multi-port 10 Base-T Ethernet device, and 
increased flexibility, efficiency and reliability, would be 
desirable. 

60 SUMMARY OF THE INVENTION 

The present invention addresses this problem by provid- 
ing a lOBase-T MAC to PHY interface requiring only two 
wires (pins) per port, with two additional global wires: a 
65 clock wire (pin), and a synchronization wire (pin). This 
reduction in the number of pins associated with each port is 
achieved by time-division multiplexing wherein each time- 
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division multiplexed wire combines a plurality of definitions 
from the conventional seven- wire interface. As a result, each 
port has its own pair of associated time-division multiplexed 
wires (pins) and the addition of each port simply requires 
two additional wires. According to a preferred embodiment 
of the present invention, information normally transferred 
on nine wires in a conventional seven- wire interface at 10 
MHz is time-division multiplexed onto two wires 
(corresponding to two pins) that transfer data at 40 MHz, 
four times the speed of conventional interfaces. Importantly, 
this multiplexing is done on a port by port basis. Therefore, 
the number of pins required for a MAC to transceiver 
interface is two times the number of ports plus two instead 
of nine times the number of ports, and the addition of each 
additional port requires only two more wires (pins). 

In one aspect, the present invention provides a multi-port 
lOBase-T Ethernet device. The device includes a MAC chip, 
a PHY chip, and an interface connecting the MAC and PHY 
chips. The interface includes two time-division multiplexed 
wires per port, each time-division multiplexed wire convey- 
ing time-division multiplexed signals having different 
definitions, and two global wires conveying clock and 
synchronization pulse signals for up to ail of the ports. 

In another aspect, the present invention provides a 
lOBase-T MAC to PHY interface. The interface includes 
two time -division multiplexed wires for each port serviced 
by the interface, each time -division multiplexed wire con- 
veying time -division multiplexed signals having different 
definitions, and two global wires conveying clock and 
synchronization pulse signals for one or more ports. 

In a further aspect, the present invention provides a 
method of interfacing a MAC to a PHY in a lOBase-T 
Ethernet device. The method involves conveying a first 
plurality of time-division multiplexed signals having differ- 
ent definitions from a MAC to a PHY over a transmit wire, 
and a second plurality of time -division multiplexed signals 
having different definitions from the PHY to the MAC over 
a receive wire. In addition, the method involves conveying 
a clock signal to the MAC and PHY over a global clock wire, 
and a synchronization pulse signal to the MAC and PHY 
over a global synchronization pulse wire. 

It should be appreciated that the present invention can be 
implemented in numerous ways, including as a device, a 
process, or a system. Some inventive embodiments of the 
present invention are described below. 

These and other features and advantages of the present 
invention will be presented in more detail in the following 
specification of the invention and the accompanying figures 
which illustrate by way of example the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will be readily understood by the 
following detailed description in conjunction with the 
accompanying drawings, wherein like reference numerals 
designate like structural elements, and in which: 

FIG. 1 depicts simplified block diagram of a multi-port 10 
Base-T Ethernet device with a conventional MAC to PHY 
seven- wire interface. 

FIG. 2 depicts a block diagram of a multi-port 10 Base-T 
Ethernet device with MAC to PHY interfaces which use 
time -division multiplexing of the signals required by the 
ports on a multi-port 10 Base-T Ethernet device in accor- 
dance with one preferred embodiment of the present 
invention, wherein each time-division multiplexed wire con- i 
veys signals having a plurality of definitions from the 
conventional seven -wire interface. 
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FIG. 3 depicts a timing diagram illustrating the synchro- 
nicity between the interface clock and the various transmit, 
receive and synchronization signals, for a lOBase-TMAC to 
PHY interface in accordance with a preferred embodiment 
5 of the present invention. 

FIG. 4 depicts a flow diagram of a method of interfacing 
a lOBase -T MAC to a PHY in accordance with a preferred 
embodiment of the present invention. 

10 DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENTS 

Reference will now be made in detail to a preferred 
embodiment of the invention. An example of the preferred 
15 embodiment is illustrated in the accompanying drawings. 
While the invention will be described in conjunction with 
that preferred embodiment, it will be understood that it is not 
intended to limit the invention to one preferred embodiment. 
On the contrary, it is intended to cover alternatives, 
20 modifications, and equivalents as may be included within 
the spirit and scope of the invention a s defined by the 
appended claims. In the following description, numerous 
specific details are set forth in order to provide a thorough 
understanding of the present invention. The present inven- 
25 tion may be practiced without some or all of these specific 
details. In other instances, well known process operations 
have not been described in detail in order not to unneces- 
sarily obscure the present invention. 

The present invention addresses this problem by provid- 
30 ing a lOBase-T MAC to PHY interface requiring only two 
wires (pins) per port, with two additional global wires: a 
clock wire (pin), and a synchronization wire (pin). This 
reduction in the number of pins associated with each port is 
achieved by time-division multiplexing wherein each time- 
35 division multiplexed wire combines a plurality of definitions 
from the conventional seven-wire interface. As a result, each 
port has its own pair of associated time-division multiplexed 
wires (pins) and the addition of each port simply requires 
two additional wires. According to a preferred embodiment 
40 of the present invention, information normally transferred 
on nine wires in a conventional seven-wire interface at 10 
MHz is tirne-division multiplexed onto two wires 
(corresponding to two pins) that transfer data at 40 MHz, 
four times the speed of conventional interfaces. Importantly, 
45 this multiplexing is done on a port by port basis. Therefore, 
the number of pins required for a MAC to transceiver 
interface is two times the number of ports plus two instead 
of nine times the number of ports, and the addition of each 
additional port requires only two more wires (pins). 
50 An example illustrating a interface in accordance with a 
preferred embodiment of the present invention is illustrated 
in a block diagram in FIG. 2. The figure shows a multi-port 
lOBase-T Ethernet device 200, for example, a switch, router 
or hub, with four ports 202, 204, 206 and 208, each 
55 composed of a MAC and a PHY. According to a preferred 
embodiment of the present invention, the transmit enable 
and transmit data signals are multiplexed on one wire for 
each port, for example transmit wire 212 for port 202, while 
the receive data valid, receive data, collision, jabber, and 
so linktestpass signals are multiplexed on a second wire for 
each port, for example receive wire 214 for port 202. Of the 
remaining signals, the transmit clock signal is replaced by a 
global interface clock signal which has its own dedicated 
wire 216 that is not tied to any particular port, but provides 
55 a global synchronized clock signal for from a plurality of 
ports to all the ports on the multi-port lOBase-T Ethernet 
device. The receive clock signal is handled in such a way 
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that it does not require transmission across a wire, as 
described further below. As noted previously, an additional 
signal is used in this invention, that being a synchronization 
pulse signal, which like the global interface clock signal, has 
its own dedicated global synchronization pulse pin (wire) 5 
218 tied to a plurality of ports up to all of the ports on a 
multi-port lOBase-T Ethernet device. 

FIG. 3 depicts a timing diagram illustrating the synchro- 
nicity between the interface clock and the various transmit, 
receive and synchronization signals, for a lOBase-T MAC to 10 
PHY interface in accordance with a preferred embodiment 
of the present invention. The top-most line 302 represents a 
40 MHz MAC clock. As noted above, the MAC clock signal 
conveyed on a global wire to a plurality of ports up to all of 
the ports on a multi-port lOBase-T Ethernet device. The data * 5 
on the wires of the MAC to PHY interface is read and/or 
driven on the up stroke of each cycle of the clock signal, as 
indicated by the vertical lines 301 of the timing diagram 300. 

The second line 304 on FIG. 3 represents the synchroni- 
zation pulse signal, which is high for every eight cycles of 20 
the MAC clock 302. The synchronization pulse signal is an 
additional signal not found among the signals conveyed by 
a conventional seven-wire interface. The purpose of the 
synchronization pulse in the time-division multiplexed sys- 
tem of the present invention is to signal the end of each cycle 25 
of signals, that is, the synchronization pulse is high between 
transmission and receipt of a full set of signals, as described 
further below. The synchronization pulse signal 304 is also 
conveyed on a global wire to a plurality of ports up to all of 
the ports on a multi-port lOBase-T Ethernet device. 30 

The third line 306 on FIG. 3 represents the transmit signal. 
Since the global interface clock speed is four times that of 
the transmit clock of a conventional device, four times the 
amount of data may be transmitted in the same given amount 35 
of time. The transmit line 306 is divided into "time slots" 
308 which represent that amount of data that would be 
transmittable in a single cycle of the conventional 10 MHz 
clock. The transmit data and transmit enable signals are 
TDM multiplexed on a single transmit wire per port in ^ 
accordance with this preferred embodiment of the present 
invention. Since there are four slots available per conven- 
tional 10 MHz clock cycle, there is excess capacity in the 
transmit line 303. Therefore, only half of the time slots 
available to transmit signals on the transmit wire, for 45 
example, slots B and C, are used in this embodiment of the 
invention. 

The second (receive) wire associated with each port, 
however, must somehow accommodate the data received 
over five wires in the conventional seven-wire interface in 50 
only four time slots per cycle. This is accomplished by TDM 
multiplexing the five signals on the receive wire, with the 
receive data valid, receive data, and collision signals repre- 
sented in each consecutive set of four time slots, illustrated 
as slots W, X and Y, respectively, and the jabber and 55 
linktestpass signals represented alternately in the fourth time 
slot of consecutive sets of four time slots illustrated as slots 
Z and Z\ respectively. This configuration is illustrated by the 
fourth line 310 in FIG. 3, which represents data on the 
receive wire. 60 

As a result, rather than a unique set of four time slots on 
the receive wire, there is a unique set of eight time slots. This 
is achieved by having the synchronization signal transmit 
every eight time slots rather than every four time slots as 
shown in line 2 of the FIG. 3 timing diagram (the broken line 65 
represents where a four time slot signal would fall). The 
receipt of the jabber and linktestpass signals every second 
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clock cycle is acceptable since these signals rarely change 
during the transmission of a packet on the network 

The remaining wire of a conventional seven -wire inter- 
face is dedicated to the receive clock signal. The receive 
clock signal is handled in accordance with a preferred 
embodiment of the present invention in a manner that does 
not require any additional wire between the MAC and PHY 
chips. In some conventional devices, a receive clock is 
incorporated in each MAC chip, and a PHY passes both the 
data and a clock signal from each pqrt. Each receive clock 
operates at an independent frequency. In order to support the 
individual receive clocks in each conventional MAC chip, 
there is a dedicated receive clock wire in the seven-wire 
interface between each MAC an d PHY. Also, conventional 
MAC chips may include an elasticity buffer which is large 
enough and operates such that it may receive incoming data 
from the network (via the PHY) and then transmit it using 
its receive clock signal in such a manner that it does not 
empty or reach capacity during the transmission of a packet 
of data on the network. 

In accordance with the present invention, the receive 
clock wire between each MAC and PHY is eliminated by 
providing an elasticity buffer (FIFO) in the PHY instead of 
in the MAC. In this configuration, the PHY is able to receive 
the data using a clock recovered from the data, and then pass 
the data to the MAC using the global clock. In order to send 
receive data to the MAC synchronous to the global clock, 
the PHY passes the data through an elasticity FIFO to handle 
any difference between the global clock rate and the clock 
rate at the packet source (10 MHz). The elasticity FIFO on 
a PHY in accordance with the present invention should has 
sufficient capacity, and is preferably operated so that it does 
not reach capacity nor empty during the transmission of a 
packet. As such, the PHY may receive data using recovered 
clocks, allowing the buffer to become approximately half 
full, and then pass data to the MAC using the global clock, 
which will usually have a different phase and frequency. In 
this way the buffer never overflows or becomes empty over 
the course of receiving and transmitting a packet of data, and 
no receive clock wire is necessary in the MAC to PHY 
interface. 

The Ethernet specification (IEEE 802.3) calls for packet 
data to be referenced to a clock with a frequency tolerance 
of 100 ppm (0.01%). However, it is not uncommon to 
encounter Ethernet stations with clocks that have frequency 
errors up to 0.1%. Accordingly, in a preferred embodiment, 
the size of an elasticity FIFO with sufficient capacity so that 
the buffer never overflows or becomes empty over the course 
of receiving and transmitting a packet of data may be 
calculated as follows: 

FIFO stze=2* (maximum frame in bus)"(end station error+local 
error). 

FIG. 4 depicts a flow diagram of a method of interfacing 
a lOBase-T MAC to a PHY in accordance with a preferred 
embodiment of the present invention. It should be under- 
stood that this process flow is intended to illustrate the way 
in which signals are conveyed between MACs and PHYs in 
accordance with a preferred embodiment of the present 
invention, and not to indicate a sequence of events. The 
various steps of the process 400 may be occurring concur- 
rently. The process 400 begins at 401, and at a step 402 
time-division multiplexed transmit signals of different defi- 
nitions are conveyed from a MAC to a PHY over a transmit 
wire. At a step 404, time-division multiplexed receive sig- 
nals of different definitions are conveyed from the PHY to 
the MAC over a receive wire. 
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In addition, the MAC to PHY interface process 400 
involves conveying clock and synchronization signals on 
each of two global wires, as described previously with 
reference to FIGS. 2 and 3. At a step 406 of process 400, a 
40 MHz clock signal is conveyed to the MAC and the PHY 5 
over a global clock wire. At a step 408, a synchronization 
pulse signal is conveyed to the MAC and the PHY over a 
global synchronization pulse wire. Thus, the lOBase-T 
MAC to PHY interfacing may be accomplished in accor- 
dance with the present invention using only 2*(number of 10 
ports) +2 wires. The interfacing process ends at 410. 

Although the foregoing invention has been described in 
some detail for purposes of clarity of understanding, it will 
be apparent that certain changes and modifications may be 
practiced within the scope of the appended claims. It should 15 
be noted that there are many alternative ways of implement- 
ing both the process and apparatuses of the present inven- 
tion. Accordingly, the present embodiments are to be con- 
sidered as illustrative and not restrictive, and the invention 
is not to be limited to the details given herein, but may be 20 
modified within the scope and equivalents of the appended 
claims. 

What is claimed is: 

1. A multi-port lOBase-T Ethernet device, comprising: 

a MAC chip; 25 
a PHY chip; and 

an interface connecting said MAC and PHY chips, said 
interface comprising, 

two time-division multiplexed wires per port, each 3Q 
time-division multiplexed wire conveying time- 
division multiplexed signals having different 
definitions, and 

two global wires conveying clock and synchronization 
pulse signals for up to all of said plurality of ports. 35 

2. The multi-port lOBase-T Ethernet device of claim 1, 
wherein said two time-division multiplexed wires comprise 
a transmit wire and a receive wire. 

3. The multi-port lOBase-T Ethernet device of claim 2, 
wherein said transmit wire conveys transmit enable and ^ 
transmit data signals from said MAC chip to said PHY chip. 

4. The multi-port lOBase-T Ethernet device of claim 2, 
wherein said receive wire conveys receive data valid, 
receive data, collision, jabber, and linktestpass signals from 
said PHY chip to said MAC chip. 45 

5. The multi-port lOBase-T Ethernet device of claim 1, 
wherein said clock signal has a frequency of about 40 MHz. 

6. The multi-port lOBase-T Ethernet device of claim 1, 
wherein said time-division multiplexed signals are conveyed 

on said time-division multiplexed wires in 10 MHz time 5Q 
slots. 

7. The multi-port lOBase-T Ethernet device of claim 1, 
wherein said synchronization pulse is high every eight time 
slots. 

8. The multi-port lOBase-T Ethernel device of claim 1, 55 
wherein said PHY chip comprises an elasticity FIFO. 

9. The multi-port lOBase-T Ethernet device of claim 8, 
wherein the capacity of said elasticity FIFO is calculated as 
follows: 

FIFO sizeo2* (maximum frame in bits) "(end station error+local 60 
error). 
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10. A lOBase-T MAC to PHY interface, comprising: 
two time-division multiplexed wires connecting a MAC 

chip with a PHY chip for each port serviced by the 
interface, each time-division multiplexed wire convey- 
ing time-division multiplexed signals having different 
definitions, and 
two global wires conveying clock and synchronization 
pulse signals for one or more the ports. 

11. The MAC to PHY interface of claim 10, wherein said 
two time-division multiplexed wires comprise a Iransmit 
wire and a receive wire. 

12. The MAC to PHY interface of claim 11, wherein said 
transmit wire conveys transmit enable and transmit data 
signals from said MAC chip to said PHY chip. 

13. The MAC to PHY interface of claim 11, wherein said 
receive wire conveys receive data valid, receive data, 
collision, jabber, and linktestpass signals from said PHY 
chip to said MAC chip. 

14. The MAC to PHY interface of claim 10, wherein said 
clock signal has a frequency of about 40 MHz. 

15. Hie MAC to PHY interface of clainf 10, wherein said 
time-division multiplexed signals are conveyed on said 
time-division multiplexed wires in 10 MHz time slots. 

16. The MAC to PHY interface of claim 10, wherein said 
synchronization pulse is high every eight time slots. 

17. A method of interfacing a MAC to a PHY in a 
lOBase-T Ethernet device, comprising: 

conveying a first plurality of time-division multiplexed 

signals having different definitions from a MAC chip to 

a PHY chip over a transmit wire; 
conveying a second plurality of time-division multiplexed 

signals having different definitions from the PHY chip 

to the MAC chip over a receive wire; 
conveying a clock signal to said MAC chip and said PHY 

chip over a global clock wire; and 
conveying a synchronization pulse signal to said MAC 

chip and said PHY chip over a global synchronization 

pulse wire. 

18. The method of claim 17, wherein said transmit wire 
conveys transmit enable and transmit data signals from said 
MAC chip to said PHY chip. 

19. The method of claim 17, wherein said receive wire 
conveys receive data valid, receive data, collision, jabber, 
and linktestpass signals from said PHY chip to said MAC 
chip- ^- — _ 

20. The method of claim 17, wherein said clock signal has 
a frequency of about 40 MHz. 

21. The method of claim 17, wherein said time-division 
multiplexed signals are conveyed on said time -division 
multiplexed wires in 10 MHz time slots. 

22. The method of claim 17, wherein said synchronization 
pulse is high every eight time slots. 

23. The method of claim 17, wherein said PHY chip 
comprises an elasticity FIFO. 

24. The method of claim 23, wherein the capacity of said 
elasticity FIFO is calculated as follows: 

FIFO size-2* (maximum frame in bils)*(end station error+local 
error). 

***** 
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